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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PRELTMINARY INVESTIGATION OF LAND-WATER OPERATION WITH
A 1/10-SCALE MODEL OF A JET ATRPLANE
EQUIPPED WITH HYDRO-SKIS

By William C. Thompson
SUMMARY

An investigation of a l/lO-scale dynamically similar model of a
Jet airplane equipped with hydro-skis was made to study the transition
between ramp and water during take-off and landing operations. The
hydro-skis were insitalled so that they utilized the existing lending-
gear shock absorbers. One configuration employed a twin-skl arrangement
and the other a trli-ski arrangement. The investigatlion included
observations (both visual end photographic) of general behavior, sta-
bility, and spray charscteristics. Longitudinal and normal gccelera-
tions were measured with a two-component accelerameter. A brief inves-
tigation was made to observe the behavior and meesure the resistance
during teke-off runs.

From the results of the investigations with the twin-ski configura-
tion it was concluded that satisfactory take-off transitions (from ramp
to water) could be made when the ramp slope was as steep as 4 to 1. Con-
siderable spray was thrown out to the sides but none entered the nose air
inlet. Satisfactory take-off transitions were alsc made from ledges as
high as 4 feet. Generally, the landing tramsition (from water to ramp)
was g very smooth operation since there was little trim change involved
with slopes as steep as 6 to 1. With a 4-to-1 slope there was a con-’
siderable bounce when the nose wheel contacted the ramp. The take-off
tests indicated good stabllity and satisfactory resistance for take-off
with a water-entry speed of gpproximately 50 knots.

The tri-ski configuration could be opersted on ramp slopes as steep
es 6 to 1. The take-off and landing stabillity, however, were unsatis-
Pfactory with the main skis in aeny position suitable for attachment to
the main landing-gear struts.
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INTRODUCTTON

Full-gcale operations have been conducted with light-welght propeller-
driven airplanes equipped with hydro-skis, where the major portion of the
take-off and landing run was made on the water with the airplane starting
from and returning to a solid base. (See ref. 1.) Such an operation may
present some difficulty when a larger airplane, such as a Jjet-powered
fighter, is considered. Consequently, an investigatlon was conducted at
the Langley Aeronautical Laboratory with e dynamically similar model of a
Jet alrplane to investigate the range of conditlons under which hydro-ski-
equipped airplanes of this type could freely enter and leave the water,
starting from and returning to solld bases of various types such as ramps,
beaches, rafts, or speclal aircreft carriers.

The model was chosen for this investigation becguse of lts avalla-
bility and the fact that a twin hydro-ski designed for land-water transi-
tion teke-off and landing was avallable. It was anticipated that the
information obtained would be applicable to current high-performance
alrplanes. The investigation included transitions from ramp to water
and water to ramp with the ramp at various slopes. Transition from a
ledge to water was also investigated. Brief take-off and landing tests
were made.

In addition to the twin-skl arrangement, a simple tri-ski design
was tested as g possible slternate configurstion. -

APPARATUS AND PROCEDURE

Description of Model

Figure 1 is a three-view drawing of the airplane illustrating the
finsl arrangements of the two hydro-ski confilgurations thet were tested.
Pigures 2 and 3 show details of the hydro-skis. In the case of the twin
skis the menufecturer's proposal included fairings on the fuselage
bottom which permitted the skis to be retracted in a relatively clean
condition. However, for simpllcity in the model tests the falrings
were omltted. The tri-gkis were of a simple flaet-bottom type. The
three gkis had spproximastely the same total area as the twin skis.

Both configurations are intended to be used in conjunction with the
lending gesr already on the airplane and employ the existing shock
absorbers as load-alleviating devices for the hydro-skis.

Pertinent dimensions of the model and the full-scale sirplane are

given in table I. The l/lO—scale dynamic model used for the investiga- -
tion is shown in figure 4. The model was constructed principally of
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plastic and fiber glaess. Internal bellast was used to obtaln scale

weight and welght distribution. The flaps and elevators were installed

so that they could be fixed in various positlions. The approximete shock-
absorbing characteristics of the main landing gear were simuleted with
olec shock struts and flexible tires made from & rubberlike plastic. The
nose-gear strut was made rigld. The main-gear shock strut of the airplane

had a total stroke of 9 inches and a static deflection of Tf% inches. The

compression ratio from extended position to static position was 3.65 to
1l and from static to fully compressed was 3 to 1. These values were
gsimulated on the model shock strut. The wheels extended slightly below
the skis for all transition tests and the skis were extended slightly
below the wheels for the landing and tske-off tests.

Test Conditions

The model was investigated at the following test conditions (all
values are full scale): A gross weight of 20,000 and 17,000 pounds was
simulated for all tske-offs and landings, respectively. The model in
the 20,000-pound condition was ballasted to gpproximately the following
values of moments of lnertia: '

ROLL, SLUE=FEZ + + v v v « o v = o o o = o o o o e « o « « « « 10,700
Piteh, 81ug-Ft2 . & v 4 ¢ 4 4 o 4 s o 4 o e e e e e e e e .. 20,00
Yaw, BLUB-TEZ « v v v 4 e vt e et e e e e e e e e e e e .. 28,300

Flap deflections of 20° and 380 were used for take-off tests and all
other tests were made with a 38° flap deflection. The center of gravity
was located at 22.1 percent of the mean aerodynamic chord (0.221&) and
0.9% foot (full scale) below the fuselage reference line. The twin
hydro-skil configuration was tested only as shown in figure 1(a). In an
effort to find a usable tri-gki configuration, tests were made with the
main skis at various locetions between that shown in figure 1(b) and a
point 30 inches aft. Various angles of incidence of the main skis

(0° to 9°) and nose ski (0° to 8°) were used. Tests were also made with
one additionsl nose ski that had the same beam and approximgtely one-half
the total ares of the nose ski shown in figure 3.

Test Methods and Equlpment

The investigations were made 1n Langley tenk no. 2 with the monorail
equipnent and the main towing carriasge. Date pertaining to general
behavior were cobtalned from motion plctureés and from visual observation.
Accelerations were recorded by a two-component time-history accelerometer
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installed in the pilot's compartment. The accelerometer components had
natural frequencies of T3 cycles per second and were damped to about
65 percent of critical damping. The reading accuracy of the instrument

was tig.

Entering water.- The transitions from ramp to water were made with
the ramp setup shown in figure 5. The model was towed down the ramp by
a cable arrangement attached to the monorail towlng carrisge so that the
model was accelerated to approximately 50 knots (full scale) Just before
the skis contacted the water. Prior to water contact the towing cable
was relegsed and the model made the transition as a free body. The
ramp was set at various slopes by raising or lowering the upper end.
Trensitions from a ledge to water were made in a similar manner but with
the surface of the ramp parallel to the water surface and at various
heights above the water. )

leaving water.- The transitions from water to ramp were made with
the ramp shown in figure 5; however, the ramp was relocsted so that 1t
was about 30 feet from the end of the monorall and was turned (180°) so
that the lower end faced the monorail. The model was free launched onto
the water, from the gear shown in figure 6, with sufficient speed so that
contact with the ramp was made Just above minimum planing speed, approxi-
mately 30 knots (full scale). The model then taxied up the ramp.

Landing.- Landings were made by catapulting the model into the air
to permit a free glide onto the water. These launchings were also made
from the gear shown in figure 6. The model left the launching carriage
at 110 knots (full scale) and the desired landing trim (9°) with the
control surfaces set so that the angle did not change spprecisbly in
flight. Trim is defined as the angle between the smooth water surface
and the fuselsge reference line.

Taking off.- The model setup for meking take-off tests with the
maln carriasge is shown in figure 7. The model was free to trim and
rise but was restrained in roll and yaw. Resistance and trim were
determined with the model towed from the normal center of gravity
(0.221€). The resistance was measured with an electrical strain gage
while trim was read visually from a polnter and scale.

The model was not powered for the take-off tests but the thrust
moment corresponding to 9,000 pounds of thrust (full scale) was simu-
lated on the model with a bslance welght. Corrections to the measured
resistance for the 1ift due to thrust were also made. The corrections
were based on the assumption that the ratio of the load on the water
to the resistance remained constant with smell changes in the loasd on
the water as follows:

—
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A= Ab - Aerodynamic 1ift

A, = A - Lift component of thrust

Re = 2 e
where
R water resistance, lb
Ro corrected value of R, 1lb
A load on water, 1b
AV corrected value of A, 1lb
AV initial load on water (gross load), 1b

RESULTS AND DISCUSSICON

The accelerstions and behavior for the twin-ski and the tri-ski con-
figurations are presented 1n table TI. Values given are the maximum for
the three to flve runs made for each condition. The blank spaces in
table IT indicate that the accelerations were not messured for these con-

ditions. The maximum longitudinal decelerstions were from Iég to 3g when

the model entered the water from the varilous slope ramps with the twin-ski
or the tri-skil configuration; the maximum normel accelerations recorded at

the same time were from B%g to 5g. Entering the water from the various

ledge heights resulited in maximum normsl accelerations of Ug to Tg for the
twin-ski configuration. Ieaving the water on the various remp slopes
resulted in maximum longltudinal decelerations and meximum normal acceler-
ations approximgtely 30 percent less than those encountered on water
entry.

Figure 8 shows sequence photographs of typical behavior of the
model with the twin-skl configuration entering and leaving the water
from s ramp. Plots of teke-off resistance and trim are shown in fig-
ure 9, and figure 10 shows sequence photographs of a take-off run with
the twin-ski conflgurstion.
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Twin-Ski Configuration

Entering water.- The remp-to-water transitions with the twin-ski
configuration resulted in a very smooth operation for & ramp slope of
10 to 1. There was a gentle trim change as the model entered the water.
The initial water entry produced & conslderable amount of spray but
most of the spray was thrown out to the sides and none entered the nose
air inlet. There was, however, considerable spray impinging on the
flaps.

When the model entered the water from the ramp with a slope of
6 to 1, there was s moderately fast trim up and a small bounce. Typical
behavior is shown in the sequence photographs in figure 8(a). Generally
the same type of spray pattern was present as with the 10-to-1 ramp
slope. In faect, all the water-entry conditions investigated resulted
in much the same spray pattern; that 1s, most of the spray was thrown
out to the sides and none entered the nose inlet, but considerable spray
impinged on the flaps. When the model entered the water from the ramp
with a h-to-1 slope there was a fest trim up and a skip of sbout 1/8 the
fuselage length.

For water entry from a ledge the behavior was somewhat rougher than
that for water entry from e ramp. When leunched from the 2-foot-high
ledge, the model trimmed up fast after lnitial water contact and sklpped
about 1/2 fuselage length. The behavior from a L-foot-high ledge was
similar to that from a 2-foot ledge but the model skipped about 1 fuse-
lage length. Water entry from an 8-foot-high ledge was very rough; the
model trimmed up fast and skipped about 2 fuselage lengths.

Very brief water-entry tests made from & 1l2-to-1 ramp slope into
waves spproximately 2 feet high and 20 feet long (full scale) resulted
in initial water-entry behavior similar tc that for calm water. For
the remp slopes of 6 to L and 4t to 1 there appeared to be an improvement
in behavior. The model did not trim up as fast and less bounce resulted
from the initial water contact. When the model entered rough water from
a ramp or ledge the skis sliced through the wave creste and thus some of
the initiasl shock of water entry apparently was asbsorbed by the waves.

Leaving water.- The transition from water to ramp was in general a
very smooth operation, especiglly with a remp slope of 12 to 1. When
the model left the water at about 30 knots (full scale), which is just
above the minimum planing speed, the trim of the model was very close
to the three-wheel attitude on the ramp and, therefore, practically no
trim change occurred. When the model left the water on the 6-to-1 ramp
slope a smell bounce resulted from contact. of the nose wheel with the
ramp. Sequence photographs of the model leaving the water are shown in
figure 8(b). When the model left the water on the L-to-1 ramp slope there
was & rough bounce when the nose wheel contacted the ramp.
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Landing.- The free model landings resulted in very smooth runs.
Visugl observation indicated very little trim change throughout the run
and the deceleration was very gradual.

Taking off.- Plots of total resistance and trims for typical take-
off runs with the twin-ski configuration with flap deflections of 20°
and 38° are shown in figures 9(a) and 9(b), respectively. The minimum
planing speed was approximetely the same for the two deflections.

Heavy spray impinged on the fleps when they were down 38°, and the

model trimmed to 5©. When the flaps were down 20° there was less spray
on the flaps, and the model trimmed to 11°. Apparently the heavy sprsy
at the 38° flap condition provided apprecisble 1ift which permitted a
low minimum planing speed at the low trim. At speeds below 4O knots

the resistance was higher with the 38° than with the 20° flap deflection.
At speeds sbove 40 knots the total resistance was about the same for the
two flap conditions, but the greater flap deflection produced more nose-
down moment (partly because of spray impinging on the flaps) and conse-
quently a lower trim. Therefore, the 20° deflection is consldered to be
the more favorable condition.

As shown in figure 9(a), the minimum planing speed was about 28 knots
and the meximum resistance occurred at approximetely 40 knots. In order
to have a moderate smount of excess thrust, a minimum water-entry speed of
50 knots would be desirgble. With a water-entry speed of 50 knots the
water run part of the take-off would requlre approximately 21 seconds and
about 2,900 feet. It is estimated that the ground run to get to 50 knots
would teke about 6 seconds and 265 feet. Sequence photographs of a take-
off run starting at the minimum planing speed of 28 knots are shown in
figure 10.

Tri-Ski Configuration

Brief tests made with the main skis at varlous positions aft of the
location shown in figure 1(b) and with the main skis and the nose ski at
verious angles of Incidence showed instabilities for all phases of opera-
tion. The most stable configuration with the existing landing gear and
structure of the airplaene is that shown in figure 1(b).

Entering water.- Transition from ramp to water with the tri-skl con-
figurgtion on a 12-to-1 remp slope resulted in a fairly smooth run but the
model changed trim abruptly when the nose ski contacted the water, whereas
the trim change with the twin skis was very gradual. Tests with the
smaller nose skl resulted In insufficient 1ift when the model entered the
water, and a dive resulted.
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When the model entered the water from the 6-to-l1 ramp slope all
three skis penetrated the water to a depth of about 2/3 the length of
the struts. The model trimmed up moderately fast and sklpped about
1/8 fuselage length. Tests were not made from & ramp slope of 4 to 1
because it was expected that the model would dive, since the skis had
penetrated the water deeply from the 6 to 1 slope.

lesving water.- The transition from water to remp with the tri-ski
configuration on a ramp slope of 12 to 1 resulted in behavior that wes
relatively smooth but not as smooth as that for the twin-ski configuration
Leaving the water on the 6-to-1 ramp slope resulted in & fairly large
bounce when the nose wheel contacted the ramp. Tests were again omitted
for the ramp slope of 4 to 1.

Landings .- Lendings wlth the tri-ski configuration resulted in a
porpoising motion which began soon after initial water contact and
continued during most of the landing run. The porpolsing could not be
corrected by changes in incldence of the nose ski or the main skis.
When the main skis were moved aft as much as 10 inches (full scale) the
model dived.

Taking off.- Take-off with the tri-skl configuratlion could not be
completed because of the porpoising instability which was encountered.
Figure 9(c) glves plots of total resistance snd trim for the portion of
the run before instabllity occurred. Indications were that the main
skis would have to be located forward of the main-gear attaechment point
in order to obtain sufficlent stability for teke-off.

CONCLUDING REMARKS

From the results of the investigation with the twin-ski configura-
tion 1t was concluded that satisfactory take-off transition (from ramp
to water) could be made when the ramp slope was as steep as 4 to 1.
Congiderable spray was thrown out to the sides but none entered the
nose air inlet. Satisfactory take-off transitions were also made from
ledges as high as 4 feet. Generally the landing transition (from water
to ramp) was a very smooth operation, since little trim chenge was
involved with slopes as steep as 6 to 1. With a 4-to-1 slope there was
a consglderable bounce when the nose wheel contacted the ramp. The take-
off teste indlcated good stability and satlisfactory reslistance for
take-off with a water-entry speed of approximately 50 knots.
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The tri-ski configuration could be operasted on ramp slopes as steep
as 6 to 1. The take-off and landing stability, however, was unsatisfac-
tory with the msin skis in any position sultable for attachment to the
mein landing-gear struts.

Lengley Aeronsutical Leboreatory,
National Advisory Committee for Aeronmautics,
Langley Field, Va., January 6, 1958.

REFERENCE

1. Anon.: Universal Landing Gear for Naval Alrcraft. Contract

anr—lO?}(OO), All Americen Engineering Co. (Wilmington, Del.),
Feb. 195k.
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TARLE I.- PERTINENT DIMENSIONS OF THE EYDRO-SKI-EQUIPPED AIRPLANE

AND THE 1/10-SCALE DYNAMIC MODEL

Full scale Model
Design gross load, 1b
Take-0ff . ¢ & ¢ ¢ ¢ o« ¢ o 2« s o o o « o s o « & 20,000 20
Landing . « o« ¢ ¢ o o 4t et e 6 s e s e e s o . 17,000 17
Static thrust, 1b . . . . ¢ ¢ ¢« ¢ ¢« ¢ ¢ ¢ ¢ o o « 9,000 9
Overall length, £t . ¢« « ¢« & ¢ ¢ ¢« ¢ ¢« ¢ ¢ ¢ o « « 38.0 3.80
Overall height, ft . . . . . . ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ « & 14.5 1.45
Fuselege length, £t . e e e e e e e e s e 55.8 %.58
Center-of-gravity location
Percent mean aercdynamic chord . . e s e o a 22.1 T 22.1
Distance below fuselage reference 1ine, ft . . . 0.94 0.094
Wing:
Area, 8 £t v ¢ 4 ¢ 4 4 4 0 4 s e s e e e e e 284.0 2.84
Span, £t ¢ ¢« ¢ ¢ ¢ ¢ 4« o e 0 e 8 e s e . s s 37.20 3.72
Mean aerodynamic chord, f£ . . + « ¢« ¢« « « « & & 8.02 0.802
Root chord, £t . . ¢« & ¢« ¢ ¢ ¢ ¢ 4 ¢« v 4 ¢« ¢ o & 10.30 1.0%30
T4p Chor@, £5 + « ¢ « o o « o « o o « o o & o » 5.47 0.547
Sweepback, deg . « ¢« ¢« ¢ ¢ s ¢ o o o o o o o 2 = 35 35
Flaps
Take-off poslition, deg . « =« « ¢ o« « ¢ & « « &« 20 20
Landing position, deg . « « « « « & « s o o & 38 38
Tail:
Horizontel-tall area, sq ft . . . . . . .« « . . 17.0 0.170
Horizontal-tail span, £t . . . « v o « o o « o « 12.65 1.265
Vertical-tall area, sq £t . . . .+ « « ¢ « o & 20.2 0.202
Twin hydro-ski:
Length, Tt « o & & ¢ &« @ o o ¢« 6 o o o o o o o« & 16.05 1.605
Beam, £H « « ¢ « ¢ « &+ & ¢ o « ¢ ¢« o v o 5 @ s s 1.67 0.167
Length-beam Tatlo « ¢ & o & o « o o ¢ & o o o & 9.63 9.63
Total aree of one ski, sq £t . . . . « . . « . . 23.3 0.233%
Take-off gross loeding, 1bfsq £t . « . . . . . . 430 k3
Tri hydro-ski:
Main ski:
Iength, £t . . ¢ ¢ & ¢ ¢ ¢ ¢ ¢ & o o = « & s &« 9.24 0.924
Beam, f£ . . . ¢ ¢« ¢ ¢ ¢ ¢ e o . . « e 0. 2.30 0.23
Iength-beam ratic . « o« ¢ ¢ ¢ ¢ ¢ ¢ o o ¢ « @ 3.75 3.75
Total area of one ski, 8¢ £t « + « « « « ¢ « 18.h 0.18k
Nose skil:
Length, £H « « ¢ ¢ ¢ 4« o o s o o s o 4 o o s s 6.4 0.644
Beam, £H ¢« & ¢« o ¢ ¢ o o ¢ o o 0 e o o o 0 o o 1.h2 0.142
Iength-beam ratic . « ¢ v & ¢ o v o & o « « & k.53 k.53
Totel ares of nose ski, sq ft . . . . . « . . T.68 0.07T7T
Take-off gross loading:
One nose ski and two main skis, 1b/sq £t . . . 450 45

S—



TAELE IT.~ ACCELERATICH3 AMD EEFAVIOR TN CAIM VATER OF THE 1/10-8CALE MODFL OF A FYTRO-SXI-RQUIPFED AIRFLANE

Eﬁll values gre full scale. Btatic normml acoslerometsy resding, 1 s]

Maxinem

Remp slope Meximum
. Maneuver or longttudinal normal Coments
ledge boight daceleration, g accelaration, g
Twin skig
10:1 remp 1% 5% Anooth with gentle trim change as modsl sntered water
6:1 rexp 2k 1.{. Moderately fast trim upj swall bounce
Entering 2
water
{xop. 50 bl ramp 3 M-E- Fast trim up; model skipped sbout 1/8 Tuselage length
knots) -
2-Tt ledge - b Fast trim up; model skipped about 1/2 fuselsge length
bt ledge - 5% Fast trim up; modsl ekipped sbout L fuselage length
8-ft ledge -— 7 Rough with fast trim upjy model skipped mbout 2 fuselage
lengths
Leaving 12:). remp i— 0 fmooth with prectically no trim change
water s
(agp. 30 611 remp 12 3k Small bounce when nose wheel contected ramp
Inots) 2 2
4:1 ramp 2 b Rough bowumee when noge whaal contacted ramp
Tl skie
Entering 12:1 ramp 1%- EZ- Toirly amooth; fast trim change when nose skl contacted vatar
water
(erp. 50 6:1 remp 2 b fkia penetrated vater abaut 2/3 dspth of struty moderstely
knota) fast trim up; model skipped about 1/8 fuselsge length
Leaving 12;), ramp %— 212- Smpoth vith practically po trim chanpe
watar
(@P-)-”O 611 raop 1% -- Fairly lsrge bounce vhen nose wheel contactad ramp
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(a) Twin-ski configuration.

Figure 1.- Three-view drawing of ailrplene with hydro-skis instellied.
Dimensions are in inches, full scale.
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_ (b) Tri-ski configuration.

Figure 1.- Concluded.
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Main landing vhecl

150 rad.,

Figure 2.- Hydro-skis used for the twin-ski configuration. Dimensions
are in inches, full scale.
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Figure 3.- Hydro-skis used for the tri-ski configurstion. Dimensions
are in inches, full scale.



Figure L4,- The model with twin hydro-skiz instelled.
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L-93380
Figure 5.~ Ramp setup for remp-to-water transition in Langley tank no. 2.
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L-89661

Figure 6.- The model equipped with tri hydro-skis set up for launching

from the monorail in Langley tank no. 2.



o

Figure 7.~ Model setup for

L-58-101
take~of f teats on the main earriege in Langley tank no. 2.
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speed approximately 50 knots skis penetrate
wagter

model trims up mekes small bounce

v o ._...‘... - _K—

settles ngk-on skis

(a) Entering water. : 1-58-102
Figure 8.- Sequence photographs of typical transitions from a ramp with

6-to-1 slope with the twin-hydro-ski configuration. All values are
full scale.

g
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speed approximately 32 knots main gear contacts ramp

near transltion

taxis up ramp

(v) Leaving water. L-58-103

Figure 8.- Concluded.
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(a) Twin-ski configuration; flap deflection, 20°.

Flgure 9.~ Take-off resistance and trim for the model with hydro-skis
ingtelled. All values are full scale.
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(b) Twin-ski configuration; flep deflection, 38°.

Figure 9.- Continued.
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Figure 9.- Concluded.
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Figure 10.- Sequence photographs of a tske-off run with the twin hydro-
ski configuration, flaps deflected 20°. Speeds are full scale.
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